RNAase protection ( Figure 1B) . In wild type, lin-14 transcript abundance relative to pharyngeal myosin mRNA does not change significantly between early and late stages. Therefore, changes in steady-state RNA levels do not account for the 10-fold reduction in protein levels observed in wild type. In the two lin-14(gf) mutants and in the lin-4 mutant, the lin-14 transcript levels at both early and late stages are similar to wild type and, like wild type, show no dramatic temporal regulation.
These data show that lin-14 is temporally regulated at a posttranscriptional step other than transcript stability in wild-type animals; the lin-14(gf) mutations act by disrupting this posttranscriptional regulation; and the lin-4 product also acts at a posttranscriptional step.
The lin-14 3UTR Is Sufficient for Temporal Regulation
To test whether the lin-14 3ЈUTR alone is capable of conferring temporal regulation on another gene, we compared its activity on a lacZ reporter gene in C. elegans with that of a control 3ЈUTR. The reporter gene uses the promoter For quantitation purposes, the intensities of both species were deterReporter genes bearing the lin-14 3ЈUTR showed 100-mined in 5 independent blots by densitometry, summed, and normalized to the intensity of the 223 kd pharyngeal myosin product. The to 180-fold down-regulation between the L1 and L4 stages ratio of Lin-14p levels at late stages to early stages for each genotype (Table 1) ure 2). Thus, the reporter genes bearing a lin-14 3ЈUTR showed 14-to 25-fold greater temporal down-regulation than the control unc-54 3ЈUTR reporter construct. Relative to pharyngeal myosin control, Lin-14p levels deRNAase protection analysis shows no temporal decrease by a factor of 10 between early and late stages in crease in col-10-lacZ-lin-14 mRNA levels between the L1 wild-type ( Figure 1A ). In contrast, relative Lin-14p levels and L4 stages in strains bearing the reporter gene (Figure decrease by a factor of 2.3 in lin-14(n536gf) and lin-4(e912)
3). These data suggest that the observed temporal downmutants and decrease by a factor of 1.3 in the lin-14 regulation of lacZ expression occurs by the same posttran-(n355gf) mutant. Therefore, both lin-14(gf) and lin-4 muscriptional mechanism that operates on the lin-14 mRNA tants cause a 4-to 7-fold increase in the abundance of in wild type. In addition, these data suggest that the col-10 Lin-14p at later stages as compared with wild type.
promoter activity is not temporally regulated, and that the To establish whether lin-14 is regulated at a transcrip-7-fold decrease in lacZ activity observed with the unc-54 tional or posttranscriptional level, RNA was prepared from 3ЈUTR transgene probably reflects a low level of posttranthe same staged samples used for protein analysis, and scriptional regulation conferred by this control 3ЈUTR. the level of lin-14 RNA relative to pharyngeal myosin ␤-Galactosidase activity also was down-regulated by a fac-RNA in each synchronized preparation was analyzed by tor of about 100 between the L1 to the L4 stages in a wild-type conserved regions in the lin-14 3ЈUTR are seven nearly mutation deletes the lin-4 transcripts and is therefore a exact copies of the 9 nt core element CUCAGGGAA, which null mutation (Lee et al., 1993) . In the absence of the lin-4 is complementary to the sequence UUCCCUGAG at the product, ␤-galactosidase activity from the col-10-lacZ-lin-5Ј end of the lin-4 RNAs ( Figure 5 ). In the lin-14 mRNA, 14 transgene was down-regulated about 4-fold from L1 to two elements include the entire 9 nt core element, four L4, which is about 4% of the down-regulation from L1 to are 8 nt single base variants of the core element, and L4 observed with the same integrated transgene array in one is a 7 nt core element. In addition, all but one of the a lin-4( ϩ ) strain (Table 1) that shows partial gradient generating activity (Table 1; post-L1 stages, Lin-14p levels are 4-fold higher in the lin-14(n536gf) and 7-fold higher in the lin-14(n355gf) mutants Figure 5 ). However, additional conserved elements besides those complementary to lin-4 are present in this 802 than they are in wild type ( Figure 1A ). In contrast, transcript levels do not change significantly in the same staged samnt region. The 124 nt lin-14 3ЈUTR fragment assayed in the pC10L14/124 construct also shows partial temporal ples ( Figure 1B) . Therefore, we conclude that the negative regulatory sequences in the 3ЈUTR that are disrupted by gradient generating activity. This 124 bp fragment bears three lin-4 complementary elements, and these elements these mutations control a process other than lin-14 transcription or transcript stability. account for all of the conserved sequences in this region. These data suggest that the lin-4 complementary sites
The lin-14 3ЈUTR is sufficient to confer posttranscriptional temporal regulation on an unrelated reporter tranmediate part, but not all, of the temporal gradient-generating activity of the lin-14 3ЈUTR.
script. Reporter gene expression is temporally downregulated about 20-fold more with the lin-14 3ЈUTR than with the control unc-54 3ЈUTR (Table 1 If all seven sites in the lin-14 mRNA must be occupied are deleted by the lin-14(n536gf) mutation, and this is a by lin-4 to achieve posttranscriptional down-regulation of relatively weak allele. Third, a reporter gene bearing three lin-14, the lin-4 level should be much more abundant than of the lin-4 complementary sites shows partial temporal the lin-14 mRNA level at post-L1 stages. Indeed, we found gradient generating activity. Fourth, all seven of the prothat a high copy lin-14 3ЈUTR reporter transgene with 50 posed lin-4 complementary elements in the lin-14 3ЈUTR times the gene dosage and ␤-galactosidase activity at are completely conserved between C. elegans and C. briggeach stage was temporally down-regulated about 100-fold sae in the 8-10 nt core sequence, as are all but one of in wild type when compared with a low copy transgene the lin-4 nucleotide positions proposed to base pair to the (Table 1) 
